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Abstract 

Introduction: The relationship between admission time and intensive care unit (ICU) mortality is inconclusive and 
influenced by various factors. This study aims to estimate the effect of admission time on ICU outcomes in a tertiary 
teaching hospital in China by propensity score matching (PSM) and stratified analysis. 

Methods: A total of 2,891 consecutive patients were enrolled in this study from 1 January 2009 to 29 December 
201 1. Multivariate logistic regression and survival analysis were performed in this retrospective study. PSM and 
stratified analysis were applied for confounding factors, such as Acute Physiology and Chronic Health Evaluation II 
(APACHE II) score and admission types. 

Results: Compared with office hour subgroup (n = 2,716), nighttime (NT, n= 175) subgroup had higher APACHE II 
scores (14 vs. 8, P< 0.001), prolonged length of stay in the ICU (42 vs. 24 h, P = 0.01 1), and higher percentages of 
medical (8.6% vs. 3.3%, P< 0.001) and emergency (59.4% vs. 12.2%, P< 0.001) patients. Moreover, NT admissions 
were related to higher ICU mortality [odds ratio (OR), 1.725 (95% CI 1.118-2.744), P = 0.01] and elevated mortality 
risk at 28 days [14.3% vs. 3.2%; OR, 1.920 (95% CI 1.171-3.150), P = 0.01]. PSM showed that admission time remained 
related to ICU outcome (P= 0.045) and mortality risk at 28 days [OR, 2.187 (95% CI 1.119-4.271), P = 0.022]. However, 
no mortality difference was found between weekend and workday admissions (P= 0.849), even if weekend 
admissions were more related to higher APACHE II scores compared with workday admissions. 

Conclusions: NT admission was associated with poor ICU outcomes. This finding may be related to shortage of 
onsite intensivists and qualified residents during NT. The current staffing model and training system should be 
improved in the future. 



Introduction 

Patients can become critically ill at any time of the day [1]. 
Ideally, critical care services should be organized to ensure 
optimal treatment availability to all patients on a 24/7 
basis. In practice, however, the availability and quality of 
personnel and technology are often different between 
office hours (OH) and nighttime (NT) hours. The initial 
treatment is critical [2,3], and outcomes after intensive 
care admission partially depend on the time of patient 
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admission. Bracco et al. [4] demonstrated the importance 
of early and accurate decision-making and the need for 
prompt patient supervision by an experienced specialist to 
avoid planning and execution mishaps. 

We hypothesized that patients admitted to ICUs dur- 
ing NT may have worse outcomes. Investigators have 
evaluated this hypothesis in several studies, but the re- 
sults of these studies were not uniform. Some studies 
showed an increased ratio of deaths among patients ad- 
mitted during NT [5-7], whereas others documented a 
no-risk effect [8-12], or even a surprisingly protective ef- 
fect [13,14], of NT admission relative to mortality. These 
studies were performed in Western countries where crit- 
ical care medicine (CCM) is well-developed. However, 
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this documentation is not available in developing coun- 
tries with limited healthcare resources [15]. 

Evidence is mixed regarding the improved outcomes, 
including reductions in mortality and length of stay in 
the hospital (LOS H os) or ICU (LOS ICU ), for ICU pa- 
tients whose care is directed by intensivists. Researchers 
have demonstrated in a number of studies that units 
with high-intensity physician staffing are associated with 
reduced mortality compared with units with low- 
intensity physician staffing [16]. However, a recent, large, 
retrospective study found higher odds of deaths for crit- 
ically ill patients treated by critical care physicians com- 
pared with those treated by regular physicians [17]. This 
issue, especially in the context of NT admission, has not 
been resolved. 

Our retrospective study was conducted in a university- 
affiliated, tertiary teaching hospital in Shanghai, People's 
Republic of China, to evaluate the effect of admission 
time on ICU outcomes. We evaluated the Chinese main- 
land healthcare system and the relationship between 
admission time and patient outcome. A finding of worse 
outcomes of patients admitted during NT would affect 
intensivist staffing and administrators involved in both 
healthcare and insurance policy-making. 

Materials and methods 

Patient data 

A total of 2,891 consecutive patients admitted to the 
general ICU of Zhongshan Hospital from 1 January 2009 
to 29 December 2011 were enrolled in the study. The 
decision regarding their discharge from the ICU was 
based on our own transferring protocol. All patients 
signed the informed consent form. This study was ap- 
proved by the Review Board of the Ethics Committee of 
Zhongshan Hospital, Fudan University, and was in com- 
pliance with the institution's requirements. 

The following clinical, physiological and outcome data 
were collected for evaluation: patient age, patient gender, 
primary diagnosis, Acute Physiology and Chronic Health 
Evaluation II (APACHE II) score at the time of admis- 
sion, LOShos» LOSicu) type of admission (surgical or 
medical, emergency or nonemergency), with or without 
transfusion during ICU stay and the need for mechanical 
ventilation. 

Staffing model 

OH and NT were defined as 7:30 AM to 5:30 PM and 
5:30 PM to 7:30 AM, respectively. We designated our 
staffing model as "10/7 on-site and NT on-call". This 
model states that at least one attending intensivist is avail- 
able in the ICU during OH for the entire week and formu- 
lates a plan for night patients. OH intensivists maintain 
responsibility for all patients and are available by tele- 
phone to in-hospital residents of medicine, surgery or 



anesthesiology at night. Our department usually has three 
to four residents from surgery, anesthesiology or medicine 
every month. Most of these residents have taken the resi- 
dency training programs of Shanghai for at least one year. 
The duration of the training programs is based on the res- 
ident's educational background. Therefore, a resident with 
a doctoral degree should undergo a one-year training 
program, whereas a resident with a master's degree 
should train for two years. However, the training courses 
are focused on residents' specialties and lack integration of 
CCM training. Thus, basic CCM training is provided 
through a weekly Journal Club, morning course, daily 
rounds and clinical practice. This staffing model is 
maintained for the entire week, including weekdays 
(Monday to Friday) and weekends (Saturday and Sunday). 

During the day and night and on weekdays and week- 
ends, the nurse-to-patient ratio was 1:2.5. All nurses 
were certified in critical care. Other disciplines, such as 
radiology and ultrasound departments, were available 
around the clock. 

Zhongshan Hospital has an effective consultation sys- 
tem of senior surgeons and physicians from other depart- 
ments, such as anesthesia, cardiology and pulmonary 
medicine. We maintained horizontal relationships with 
these specialists who provided valuable advice during the 
day or at night and on weekdays or weekends. Multidis- 
ciplinary intensive care was also administered to our 
patients [18]. 

Study design and statistics 

A crude analysis of the 2,891 patients was performed, 
and mortality between OH and NT admissions was com- 
pared. The data were analyzed using SPSS 15.0 software 
(SPSS, Inc, Chicago, IL, USA) and tested for normal dis- 
tribution using the Kolmogorov-Smirnov test. Continu- 
ous variables were expressed as the mean ± SD or as the 
median and full range if the assumption of a normal distri- 
bution was violated. Categorical variables were expressed as 
numeric values and percentages. Comparisons of continu- 
ous variables were performed using the Mann- Whitney U 
test and the Wilcoxon rank-sum test, and the x test or 
Fisher's exact test was applied for categorical variables. 
Multivariate logistic regression was used to assess mor- 
tality at 28 days. The survival curves were further esti- 
mated using the Kaplan-Meier method and compared 
by applying the logrank test. The Cox regression model 
was used to perform univariate and multivariate ana- 
lyses. Propensity score matching (PSM) was carried out 
because of imbalance in baseline characteristics. A mul- 
tivariable logistic regression model, including the vari- 
ables of emergency admissions, surgical or medical 
patients and APACHE II scores, was developed to cal- 
culate the propensity score. The psmatch2 macro in 
Stata 11.0 software (StataCorp LP, College Station, TX, 
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USA) was used for PSM. The PSM and analytical 
methods used in this study were based on several 
sources [19]. The propensity score represented the prob- 
able time when a patient was transported into the ICU, 
based on variables that were known or suspected to be 
confounding factors for ICU mortality. A P value less than 
0.05 (two-tailed) was considered statistically significant. 

Results 

Basic clinical data 

The distributions of major clinical data were analyzed 
first (Table 1). The mean age of the cohort was 61 ± 14 
years, and 1,944 patients (67.2%) were male. Most pa- 
tients [n = 2,786, 96.4%) were admitted postoperatively 
or underwent surgery during their ICU stay. The emer- 
gency admission rate of this cohort was 15.08% (« = 436). 
The median LOS in the hospital and in the ICU, as well as 
in the hospital before ICU admission, were 14 days, 24 
hours and 3 days, respectively. 

As the admission time was an important variable, we 
next analyzed the distribution of ICU admissions per hour, 
which is shown in Figure 1. Exactly 2,716 patients (93.9%) 
were admitted during OH, and 175 (6.1%) patients were 
NT admissions. The following comparisons between NT 
and OH admissions demonstrate that the ratios of emer- 
gency admissions (59.4% vs. 12.2%; P< 0.001), medical 



patients (8.6% vs. 3.3%; P < 0.001) and median APACHE II 
scores (14 vs. 8; P< 0.001) were significantly higher in 
the NT group than in the OH group (Table 1). In 
addition, the LOSicu of NT admissions was longer 
than that of OH admissions (median 42 vs. 24 hours; 
P = 0.011), though the LOS H os was n °t significantly 
different between them (median 16 days in NT group 
vs. 14 days in OH group; P = 0.581). We next assessed 
whether APACHE II score influenced the correlation 
between NT admission and LOSicu- The groups were 
divided into high and low APACHE II score subgroups. 
Considering that the median APACHE II score for 
both total patients and OH patients was 8 (Table 1), 
we defined the high and low APACHE II score sub- 
groups as APACHE II scores >8 and <8, respectively. 
In fact, the results showed that NT admission was as- 
sociated with prolonged LOSicu* regardless of APACHE II 
score subgroup (median high APACHE II score subgroup: 
119 hours in NT vs. 90 hours in OH (P < 0.001), me- 
dian low APACHE II score subgroup: 48 hours in NT 
vs. 38 hours in OH (P = 0.008)). 

Mortality at 28 days 

To seek the primary variables that affect clinical out- 
comes, the correct analyses with mortality at 28 days were 
performed. The univariate analysis results showed that 



Table 1 Distributions of major clinical data and study items 3 

Clinical data All (W = 2,891) 



Admission group 









NT (n = 175) 


OH (n = 2,716) 


P 


Mean age (years) 




61 


62 


61 


0.5 15 b 


Gender (n) 


Male 


1,944 


124 (71.9%) 


1 ,820 (67.0%) 


0.293 c 




Female 


947 


51 (29.1%) 


896 (33.0%) 




Emergency (n) 


No 


2,455 


71 (40.6%) 


2,384 (87.8%) 


<0.001 c 




Yes 


436 


1 04 (59.4%) 


332 (12.2%) 




Source (n) 


Medical 


105 


1 5 (8.6%) 


90 (3.3%) 


<0.001 c 




Surgical 


2,786 


160 (91.4%) 


2,626 (96.7%) 




Transfusion (n) 


No 


2,571 


151 (86.3%) 


2,420 (89.1%) 


0.250 c 




Yes 


320 


24 (13.7%) 


296 (10.9%) 




Mechanical ventilation (n) 


No 


2,550 


149 (85.1%) 


2,401 (88.4%) 


0.201 d 




NIV 


21 


1 (0.6%) 


20 (0.7%) 






Intubation 


246 


22 (12.6%) 


224 (8.2%) 






Tracheotomy 


74 


3 (1.7%) 


71 (2.7%) 




Median APACHE II score 




8 


1---1 


8 


<0.001 b 


ICU outcome (n) 


Dead 


125 


27 (15.4%) 


98 (3.6%) 


<0.001 c 




Alive 


2,766 


148 (74.6%) 


2,618 (964%) 




Median LOShos (days) 




14 


16 


14 


0.581 b 


Median LOSicu (hours) 




24 


42 


24 


0.01 1 b 


Mortality (28 days), n (%) 




111 (3.8%) 


25 (14.3%) 


86 (3.2%) 


<0.001 c 



a APACHE II, Acute Physiology and Chronic Health Evaluation II; LOS H os- length of stay in hospital; 
NT, nighttime; OH, office hours. P values were derived from the comparison between the NT and 



LOS tcu , length of stay in ICU; NIV, noninvasive ventilation; 

OH groups. b Mann-Whitney U test. c x 2 test. d Fisher's exact test. 
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Figure 1 Distribution of admissions per hour. APACHE II, Acute 
Physiology and Chronic Health Evaluation II. 



NT vs. OH admission time (14.3% vs. 3.2%; P < 0.001), 
emergency vs. nonemergency admission (17.2% vs. 1.5%; 
P < 0.001) and surgical vs. medical admission (3% vs. 
25.7%; P < 0.001) were related to the 28-day mortality rate 
(Table 2). Next, we added these three factors, along with 
APACHE II scores, into the multivariate logistic regres- 
sion analysis. This analysis also indicated that admission 
time was significantly related to the 28-day mortality 
rate (odds ratio (OR) = 1.920 (95% CI = 1.171 to 3.150); 
P = 0.01) (Table 3). 



Survival analysis 

Univariate and multivariate analyses in the entire cohort 

The univariate analysis showed that ICU mortality of NT 
admissions was significantly higher than that of OH ad- 
missions (15.4% vs. 3.6%; P= 0.002) (Figure 2a). To 



Table 2 Univariate analysis of 28-day mortality 3 



Variables 



Dead 



Alive 



Admission time, n (%) 



NT 
OH 



25 (14.3) 150 (85.7) <0.001° 

86 (3.2) 2,630 (96.8) 

Emergency admission, n (%) No 36(1.5) 2,419 (98.5) <0.001 b 

Yes 75 (17.2) 361 (82.8) 

Source, n (%) Medical 27 (25.7) 78(74.3) <0.001 c 

Surgical 84 (3.0) 2,702 (97) 
a NT, nighttime; OH, office hours. b x 2 test. 'Fisher's exact test. 



Table 3 Multivariate analysis of 28-day mortality 3 

95% CI 



Variables by cohort 


P 


Odds ratio Lower 


Upper 


All patients 










Admission time (NT vs. OH) 


0.010 


1.920 


1.171 


3.150 


Emergency admission (yes vs. no) 


<0.001 


51.241 


36.234 


72.463 


Source (medical vs. surgical) 


0.959 


1.014 


0.606 


1.697 


APACHE II score 


<0.001 


1.032 


1.017 


1.047 


PSM cohort 










Admission time (NT vs. OH) 


0.022 


2.187 


1.119 


4.271 


Emergency admission (yes vs. no) 


0.788 


1.135 


0.452 


2.848 


Source (medical vs. surgical) 


0.071 


0.404 


0.151 


1.079 


APACHE II score 


<0.001 


1.161 


1.103 


1.222 



a APACHE II, Acute Physiology and Chronic Health Evaluation II; CI, confidence 
interval; NT, nighttime; OH, office hours; PSM, propensity score matching. All 
P values were calculated using multivariate logistic regression. 



validate the independent correlation between ICU admis- 
sion time and ICU outcome, a multivariate survival ana- 
lysis was conducted, including all of the clinical variables 
(Table 4). Only NT vs. OH admission time (OR = 1.752, 
95% CI = 1.118 to 2.744; P= 0.01) and high vs. low APA- 
CHE II score (OR =1.113; P< 0.001) represented risk 
factors for ICU mortality. 

Stratified analyses 

Table 1 shows that factors including the distributions of 
admission types (emergency vs. nonemergency; surgical 
vs. medical) and APACHE II scores were significantly 
different between the NT and OH groups. The foregoing 
were confounding factors in the relationship between 
ICU mortality and admission time. To elucidate this 
issue, stratified analyses were performed, which showed 
that OH admissions were still related to reduced ICU 
mortality for emergency patients (OR = 0.518; P = 0.005) 
(Figure 3a), the elevated APACHE II score subgroup 
(OR = 0.558; P= 0.007) (Figure 3b) and surgical patients 
(OR = 0.462; P = 0.001) (Figure 3c). On the contrary, ad- 
mission time did not correlate with ICU outcomes for 
nonemergency admissions, the low APACHE II score 
subgroup or medical patients (Figure 3d to 3f). 

Propensity score matching analysis 

The efficiency of stratified analyses was limited to some 
extent because of remarkable bias in patient distribution. 
Moreover, other potential confounding factors were 
identified. Thus, we applied a 1:1 PSM ratio to minimize 
these effects and included factors such as admission type 
(emergency vs. nonemergency, surgical vs. medical) and 
APACHE II score. Additional file 1: Table SI lists the 
multiple logistic regression results in the PSM analysis. 
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Figure 2 Kaplan-Meier curves of survival differences among ICU patients. ICU survival of office hours (OH) admissions was significantlyhigher 
than that of nighttime (NT) admissions (a). Propensity score matching (PSM) analysis revealed that NT admissions corresponded to poorer ICU 
outcomes (b). The dashed lines represented nighttime (NT) admissions, and the solid lines represented office hours (OH) admissions. 



In the PSM analysis, we selected 175 patients from OH 
admissions as matched pairings for the 175 NT admis- 
sions. The main clinical characteristics were balanced 
and evenly distributed between these two types of patients 
(Table 5). We found that NT admissions were related to 
lower ICU survival (Figure 2b) and higher mortality at 28 
days (OR = 2.187, 95% CI = 1.119 to 4.271; P = 0.022) 
(Table 3). We also carried out a 1:2 match for the PSM 
analysis and obtained similar results, and admission time 
was proved again to be related to mortality at 28 days 
(Additional file 1: Figure SI and Tables S2 and S3). 

Weekend admission 

The APACHE II scores were higher among weekend ad- 
missions compared with weekday admissions (P < 0.001) 
(Additional file 1: Table S4). This finding should have 
resulted in a difference in mortality, but no significant 
mortality difference was observed between weekend and 
weekday admissions (P = 0.849) (Figure 4a). We also 
performed analysis of admission times (NT and OH) to 
clarify these paradoxical results. In the NT subgroup, the 
APACHE II scores between weekday and weekend ad- 
missions were comparable (Additional file 1: Table S4), 
and no difference in mortality was observed (Figure 4b). 
By contrast, in the OH group, the APACHE II scores 
were significantly higher during weekends than on week- 
days {P< 0.001) (Additional file 1: Table S4), but ICU 
mortality was similar (Figure 4c). 

Discussion 

Different patient outcomes between office hours and 
nighttime admissions 

Several publications have identified differences in mor- 
tality between patients admitted during OH and NT 
[5,6,8,9,12,20]. In our present study, we found that ICU 
mortality, 28-day mortality and LOS IC u of patients 



admitted during NT were significantly higher than those 
of patients admitted during OH, especially for emer- 
gency patients, high APACHE II score patients and sur- 
gical patients. However, the definition of OH is not 
uniform yet. In particular, the level of support systems 
available in each study was not clear [21]. 

In the present study, we defined OH as hours when a 
qualified intensivist was available on-site for patient care, 
as described in the report by Cavallazzi et al. [22]. NT 
coverage in our ICU was provided by non-CCM resi- 
dents only, and one intensivist was on-call at home. In 
the context of ICU mortality, confounding factors such 
as disease severity (APACHE II score), patient age and 
surgical vs. nonsurgical patients should be considered. 
To clarify this confounding bias, we first applied multi- 
variate survival analyses and logistic regression including 
these confounding factors. Furthermore, we performed 



Table 4 Multivariate survival analysis 3 


Variables 


P 


OR 


95% CI for 
HR 








Lower 


Upper 


Age (years) 


0.199 


1.008 


0.996 


1.021 


Gender (female/male) 


0.997 


0.999 


0.648 


1.542 


Source (medical/surgical) 


0.153 


1.408 


0.880 


2.251 


Emergency admission (yes/no) 


0.254 


1.270 


0.842 


1.914 


Transfusion (no/yes) 


0.541 


0.878 


0.578 


1.333 


Mechanical ventilation (no/NIV/ 
intubation/tracheotomy) 


0.060 


0.829 


0.682 


1.008 


Admission day (weekday/weekend) 


0.198 


0.724 


0.443 


1.183 


Admission time (NT/OH) 


0.010 


1.725 


1.118 


2.744 


APACHE II score (>8/<8) 


<0.001 


1.113 


1.082 


1.145 



a APACHE II, Acute Physiology and Chronic Health Evaluation II; CI, confidence 
interval; HR, hazard ratio; NIV, noninvasive ventilation; NT, nighttime; OH, office 
hours; OR, odds ratio. All P values were calculated using the Cox proportional 
hazards regression model. 
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Figure 3 Kaplan-Meier curves of ICU survival differences in stratified analysis. In the subgroups of emergency admissions (a), patients with 
greater Acute Physiology and Chronic Health Evaluation II (APACHE II) scores (>8) (b) and surgical patients (c), mortality was significantly reduced 
during office hours (OH) compared with nighttime (NT). On the contrary, admission time did not correlate with ICU outcome in nonemergency 
admissions (d), the subset with low APACHE II scores (<8) (e) and medical patients (f). LOS icu , length of stay in the ICU. The dashed lines 
represented nighttime (NT) admissions, and the solid lines represented office hours (OH) admissions. 



PSM analysis (at 1:1 and 1:2 ratios). Our results show 
that ICU mortality and 28-day mortality of NT admis- 
sions remained higher than those of OH admissions. 
Consequently, our results attest to the correlation 
between NT admissions and poor clinical outcomes. 



Higher mortality in nighttime admissions might be 
related to staffing model 

Considering the apparent differences in staffing between 
NT and OH, we proposed that the effect of NT 
admission on mortality might be related to the staffing 



Table 5 Demographic and clinical characteristics of the propensity score matching population 3 



OH 



NT 







Total (dead) 


Median LOS lcu (hours) 


Total (dead) 


Median LOS lcu (hours) 


P 


APACHE II score (median) 




14 (23) 


65 


14(27) 


42 


0.983 3 


Emergency admission (n) 


No 


71 (2) 


24 


71 (1) 


38 


1.0 b 




Yes 


104 (21) 


90 


104 (26) 


58 




Source (n) 


Medical 


15 (5) 


95 


15 (3) 


37 


1.0 b 




Surgical 


160 (18) 


48 


160 (24) 


43 




Mean age (years) 




65 (23) 


65 


62 (27) 


42 


0.1 39 a 


Gender (n) 


Male 


115 (16) 


66 


1 24 (22) 


60 


0.301 b 




Female 


60 (7) 


49 


51 (5) 


37 




Mechanical ventilation (n) 


No 


145 (6) 


43 


149 (8) 


37 


0.840 c 




NIV 


2(0) 


145 


1 (0) 


59 






Intubation 


23 (14) 


87 


22 (18) 


58 






Tracheotomy 


5 (3) 


307 


3 (1) 


200 




Transfusion (n) 


No 


147 (13) 


46 


151 (12) 


38 


0.548 b 




Yes 


28 (1 0) 


178 


24(15) 


59 




a APACHE II, Acute Physiology and Chronic Health Evaluation II; LOS H os- length of stay in hospital; LOS lcu 
NT, nighttime; OH, office hours. a Mann-Whitney U test. b x 2 test. c Fisher's exact test. 


length of stay in ICU; NIV, noninvasive ventilation; 
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Figure 4 Survival analyses for weekend and weekday admissions. No statistically significant difference was found between weekday and 
weekend admissions (a). Mortality rates between weekend and workday admissions were similar in the subgroups of nighttime (NT) (b) and 
office hours (OH) (c) admissions. LOS icu , length of stay in the ICU. The dashed lines represented weekend admissions, and the solid lines 
represented weekday admissions. 



arrangement pattern. Previous findings were helpful in 
substantiating this notion. First, preventable adverse 
events were more likely to occur during NT, when house 
officers were less likely to receive supervision [23]. Second, 
prompt diagnosis and initiation of specific therapies by an 
intensivist were also crucial at the time of the critically ill 
patient's admission [4], whereas delayed treatment, such 
as early goal-directed therapy, was less effective [24,25]. 
Third, increased NT intensivist or nurse staffing yielded 
lower hospital mortality and adverse events [26,27]. 

Our comparison between weekend and weekday ad- 
missions also provides potent support for this notion. 
Despite the fact the APACHE II scores were higher and 
were significantly associated with a higher rate of ICU 
mortality in weekend patients, no difference in mortality 
between weekend and weekday admissions was ob- 
served. Moreover, our results show that APACHE II 
scores were significantly higher during weekends than 
on weekdays but not in the NT subgroup. This means 
that the higher APACHE II scores of weekend patients is 
attributable to the admission of more critical patients 
during OH than NT. Therefore, APACHE II score may 
be not the most dominant factor related to ICU mortal- 
ity in the analysis. Considering our staffing model, on- 
site intensivists covered and managed patients during 
OH on both weekdays and weekends, but not during 
NT on either weekdays or weekends. These data indicate 
that the staffing model may be the relevant factor under- 
lying the nonsignificant increase in the mortality of 
patients with elevated APACHE II scores admitted on 
weekends (especially during OH). Hence, higher mortal- 
ity at night may be related to the difference in staffing 
coverage (intensivists on-site vs. on-call). 

Moreover, we found that a higher likelihood of patient 
admission with elevated APACHE II score occurred dur- 
ing NT than OH (134/175 vs. 1244/2716, P< 0.001). 
APACHE II score was also independently related to 



mortality. Proper interventions for these severely ill pa- 
tients during NT are critical to their outcome. However, 
the shortage of well-trained ICU residents and onsite 
intensivist supervision may restrict the treatment of 
patients admitted during NT. 

ICU training for residents may be a promising choice in 
China 

The presence of 24-hour on-site intensivists is ideal [1], 
but this coverage requires more personnel. The existing 
and projected shortfalls in the intensivist workforce, the 
critical care-oriented training system for residents and 
financial support, especially in developing countries 
[15,28], may preclude the widespread adoption of this 
model [29]. In China, the lack of financial resources has 
also led to the impossibility of adopting the 24/7 on-site 
staffing model in the near future. The model proposed 
by the European Society of Intensive Care Medicine 
states that dedicated residents could provide off-hours 
coverage with daily attending intensivist supervision 
[30], which is feasible and provides another choice for 
developing countries. 

Our current staffing model is similar to that proposed 
in the latest study by Kerlin et al. [31]. However, they 
found no improvement in ICU mortality when they ap- 
plied on-site NT intensivist staffing. The main difference 
between our study and that of Kerlin et al. is the ICU 
training for residents. Their residents were well-trained; 
bedside intensivists may not add to the quality of care 
provided by residents [31]. In contrast, our residents 
received few ICU training courses. Handling critically ill 
patients properly without onsite intensivists is difficult 
for them. To facilitate the increased number of needed 
residents, providing our non-CCM residents with suffi- 
cient training and upgrading our clinical approaches and 
protocols are of primary importance. 
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Limitations and perspectives of the study 

We identified three major limitations of this study. First, 
our study was retrospective, with many confounding fac- 
tors and selection bias. In particular, our study popula- 
tion comprised high percentages of OH admissions 
(93.9%) and surgical patients (96.4%). The reasons for 
this distribution are as follows. (1) Although we have a 
mixed ICU, most patients were admitted from the oper- 
ating room or postoperative recovery room (n = 2,786). 
Most patients were admitted after surgery during the 
day, resulting in fewer available ICU beds during NT. 
(2) The difference in NT definition resulted in different 
NT admission rates to some extent. We realized that unbal- 
anced distribution might influence the results. (3) According 
to our stratified analyses, admission time was related 
to ICU mortality among surgical patients (Figure 3c) 
but not among medical patients (Figure 3f). (4) We 
conducted a single-center study within one ICU in a 
large tertiary referral center. (5) Our study was carried 
out in mainland China. The results of this study thus 
may not be generalizable to all ICUs, and further 
prospective randomized controlled trials should be 
performed for comparison with our results. 

To the best of our knowledge, no other studies have pre- 
viously been carried out in China regarding the outcomes 
of ICU patients admitted at night. Given the current finan- 
cial and staffing situations in China, establishing a CCM 
training system and improving clinical protocols should be 
carried out so that dedicated trainees can accomplish NT 
coverage with on-call attending intensivist supervision. 
Reduced ICU mortality constitutes only a small part of 
quality care [32]. Thus, further studies should explore the 
relationship between admission time and quality of other 
aspects of ICU care, such as unplanned extubation ratio 
and length of mechanical ventilation. 

Conclusions 

Our study indicates that the higher mortality rate among 
NT admissions may be related to differences in staffing 
coverage. Despite limited staffing and financial resources 
in developing countries, improving the current ICU 
staffing model and optimizing the clinical protocol for 
non-CCM residents are necessary. 

Key messages 

• NT admission is related to ICU mortality even after 
PSM analysis. 

• Comparisons between weekend and weekday 
admissions supported our notion that higher 
mortality at night may be related to differences in 
staffing coverage. 

• Given the current shortage of financial and staffing 
resources, as well as the insufficient ICU training 



courses for residents, upgrading our CCM training 
system and improving our clinical protocols so that 
dedicated trainees can accomplish NT coverage with 
on-call intensivist supervision is a primary necessity. 

Additional file 



Additional file 1: Table SI. Multiple logistic regression results in 1:1 
PSM. Table S2. Distributions of variables before and after 1 :2 PSM. 
Table S3. Multivariate logistic regression for 28-day mortality of 1:2 PSM. 
Table S4. Distribution of APACHE II scores among different admission 
combinations. Figure SI. Propensity score histogram for 1:2 PSM. 
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